In the present paper we report original thousand-seed weight data for the flora of the Pannonian Basin. Our goal was to demonstrate the usefulness of seed weight databases by analysing seed weight data in relation to social behaviour types and life forms. We specifically asked the following questions: (i) how the seed weights are related to social behaviour type categories; (ii) how the life form of the species influences seed weight differences between respective social behaviour types? Own weight measurements are provided for 1,405 taxa; and for 187 taxa we published seed weight data for the first time: these were mostly endemics, orchids and/or species with Pontic, Caspian or continental distribution. Several taxonomic or functional groups are underrepresented in our database, like aquatic plants, rare arable weeds and sub-Mediterranean species. Problematic taxa, some difficultto-harvest species or species with low seed production and cultivated adventives are also underrepresented. We found that the plant strategies expressed by social behaviour types were significantly different in terms of seed weights. The lowest seed weight scores were found for natural pioneers, whereas the highest ones were found for adventives and introduced cultivated plants. Short-lived herbaceous species had significantly higher seed weight scores than herbaceous perennials. No significant differences were found between specialists and generalists within the stress tolerant group. We found that short-lived graminoids possess heavier seeds than perennial graminoids, perennial and annual forbs. Naturalness scores were negatively correlated with seed weights. Our findings showed that seed collections and databases are not only for storing plant material and seed weight data, but can be effectively used for understanding ecological trends and testing plant trait-based hypotheses. Even the identified gaps underline the necessity of further seed collection and measurements.
INTRODUCTION
Application of plant traits in ecological research became a widely used and conventional method in the last few decades (Bernhardt-Römermann et al. 2008 , Funk et al. 2008 , Jacquemyn et al. 2012 . Using physical characteristics of reproductive structures, e.g. seed morphological attributes, is widely used in plant trait-based analyses (e.g. Pywell et al. 2003 , Moles et al. 2004 , 2005a . Several European electronic databases including seed traits have recently been built (see for example the BIOPOP database, Kleyer 1995; the Seed information database (SID), 7.1. of the Kew Botanical Garden, Liu et al. 2008 ; the LEDA database, Kleyer et al. 2008 ; the BiolFlor database, Klotz et al. 2002) .
In Hungary, numerous studies have been published about analyses on seed longevity (seed bank types) of the local flora (e.g. Csontos et al. 1996a , b, Csontos 1998a , Halassy 2001 , Matus et al. 2003 , Török et al. 2009 , Koncz et al. 2011 , Valkó et al. 2011 , Török et al. 2012 , but analyses based on morphological seed-traits are rather scarce (but see Csontos 1998b, Csontos et al. 2004 , Csontos and Kalapos 2012 , Miglécz et al. 2013 , mainly because the unique floristical composition of the Pannonian Biogeographical Region limits the relevance of international databases containing records mostly from northwestern European origin (Kleyer et al. 2008 , Csecserits et al. 2009 .
A database of morphological seed characteristics was compiled by Csontos (1998b), which contains mainly literature data (e.g. Schermann 1967 ), but for a smaller set of the Hungarian flora also direct trait measurements were included (for more than 500 species, Csontos 2011). In this comprehensive database seed weight was reported in weight categories (categories 1 to 8 based on Hodgson et al. 1995 , and modified by Csontos 2001) . Published seed weight records based on measurements of seeds collected from natural populations in Hungary are available for about 1,300 species (Schermann 1967 , Csontos et al. 2003 , 2007 .
The use of ecological indicators and strategy types are widely acknowledged in ecological research. The most known system is the CSR plant functional type system by Grime (1979) . In this system, plant reproduction plays a crucial role in assigning a respective strategy type to a species (Grime 1979 ). Grime's system is adapted to the Pannonian flora by the social behaviour types (SBT, Borhidi 1995) , where the original C, S and R categories are divided to several subcategories to have a refined classification system for strategy assignment. It is an interesting question how the categories in SBT and life forms are reflected by specific seed weights.
In the present paper we contributed with original thousand-seed weight records of 1,405 taxa to the database on the flora of the Pannonian Basin (corresponding to the Pannonian Biogeographical Region of the European Union; SEED WEIGHTS SUPPORT SOCIAL BEHAVIOUR TYPES EEA 2008). We also aimed at showing the usefulness of seed weight databases by analysing seed weight data (using both original measurements and literature data for Hungary) in relation to social behaviour types (SBT) and life forms. We specifically asked the following study questions: (i) how the seed weights are related to SBT categories; (ii) how the life form of the species influences seed weight differences among SBT categories?
MATERIALS AND METHODS
Most of the seeds and fruits were collected typically between 2004 and 2012 in Hungary (1,226 taxa, 87.3%). For some species earlier (back to 1990) collections were also considered. Some other seed sorts were collected in the neighbouring countries: Romania (6.1%, RO), Serbia (0.1%, SR), Slovakia (1.9%, SK) and Ukraine (0.1%, UA); additionally, some very rare species from other European countries (outside the Pannonian Basin): Czech Republic (0.9%, CZ), Germany (0.2%, D), Greece (0.5%, GR), Finland (1.6%, FIN), Italy (0.01%, I) and Poland (0.01%, PL). A small part of the collected seeds originated from living plant collections at the Botanical Garden of the University of Debrecen (Appendix). Some seed samples originated from some cultivated stands without knowing the origin of seeds used for cultivation (42 taxa, indicated with "Cult." in the Appendix). The whole seed collection contains more than 2,500 samples. Thus, in cases, where a species was represented with more than one measurement, priority was given to measures (i) with the highest number of seed sorts (up to three sorts of hundred seeds), and (ii) those, which were from the highest numbers of individuals harvested. Collection dates and locations are reported in the Appendix.
After collection, the plant material was dried, then cleaned by hand and dry-stored till measurement. The seeds of fleshy fruits were washed out, and then dried. Seed sorts of 100 seeds were counted to measure thousand-seed weights. In case of easy-to-harvest and/or common species three sorts of 100 seeds were measured, but we tried to have at least 100 seeds for the measurement for all the species. Damaged or visibly unfertile seeds ("empty seeds") were omitted from counting. The dry weight of most species was measured with 0.0001 g accuracy using a Sartorius 1702 type analytical balance, up to 200 g. Kern 572 type balance was used above 200 g, with an accuracy of 0.01 g. Dust-seeded species (e.g. orchids, Monotropa, Pyrola) were measured using an AA-200DS (Denver Instrument) type analytical balance with an accuracy of 0.00001 g.
Following the seed weight measurements, most of the seed samples were placed at the seed collection of the Department of Ecology (University of Deb recen) or at the Soó Rezső Herbarium, Department of Botany (University TÖRÖK, P. et al. of Debrecen). Most species collected in Romania were preserved at the seed collection of the Babeş-Bolyai University in Cluj-Napoca. Some of the seed samples were used for plant nursery purposes in the Botanical Garden of the University of Debrecen.
Seed weight records for the analyses were obtained from five sources. We used (i) our own measurements for 1,405 taxa. Since we aimed at analysing seed weight data for the flora of Hungary, data missing from our own database was completed from external sources by giving priority to sources reporting data of Hungarian origin. First, we collected data from (ii) the papers of Csontos et al. (2003 Csontos et al. ( , 2007 , where respective measures for 265 species were published. After this search we expanded the search to collected seed records from (iii) Schermann (1967) , using the means of the reported minimum and maximum scores. For species with no data in the above-mentioned sources seed weight records were obtained from (iv) the Seed information database (Kew Botanical Garden, Liu et al. 2008) , (v) LEDA and BiolFlor databases using the means of the reported scores (Kleyer et al. 2008 , Klotz et al. 2002 .
Hybrids, species and subspecies very difficult to identify or with questionable taxonomic status were usually not considered (primarily in genera Sorbus, Rosa, Rubus, Hieracium and Taraxacum) . Finally, we compiled a primary seed weight database, containing 2,479 taxa, which represents an overwhelming majority of the whole Hungarian vascular flora (91% of all taxa reported in Király (2009) as occurring or recorded recently for the flora of Hungary). Without trees and shrubs, we considered altogether 2,224 species in our data analyses.
We analysed the differences in thousand-seed weights between species belonging to different social behaviour types (SBT). SBT is an empirical classification of plant species, where they are classified into functional groups based on Grime's CSR strategy type system (Grime 1979) adapted to Hungarian conditions and expanded to several subgroups by Borhidi (1995) . Scores for the following categories were used: competitors of natural habitats (C), stress tolerant specialists (S), stress tolerant generalists (G), natural pioneers (NP), disturbance tolerant species (DT), weeds (W), introduced cultivated species (I), adventives, introduced accidentally, but not with an agricultural or industrial purpose (A), ruderal competitors (RC) and adventive competitors (AC). In case of missing assignment of a respective species we completed the assignment using the description and definition for each category based on Borhidi (1995) . For further analyses and comparisons within a respective SBT group, species were classified into simplified morphological life form groups as perennial graminoids, perennial forbs, short-lived graminoids and short-lived forbs. Poaceae, Cyperaceae and Juncaceae taxa were considered as "graminoids"; herbaceous dicot, Liliaceae, Amaryllidaceae and Orchidaceae taxa were considered as "forbs". For the "short-lived" group only annuals and biennials were considered. Tree and shrub species were not included in the analyses, because (i) they generate a high variance in the analyses (e.g. with extremely high weights, like Juglans or Quercus spp.), (ii) their very uneven distribution within SBT groups (in W and NP there are only very few tree and shrub species) and because (iii) phanerophyte species are usually competitors of the herbaceous species independently of their SBT categories. Naturalness values were used in analyses using the naturalness scores for each SBT group (scores were: C (+5), G (+4), S (+6), NP (+3), DT (+2), W (+1), I (-1), A (-1), RC (-2), AC (-3); Borhidi 1995) . Nomenclature follows Király (2009) .
Because of the non-equal sample sizes and generally failing normality of even the log-transformed datasets (tested by Kolmogorov-Smirnov test) we used non-parametric tests (Zar 1999) . The correlation between naturalness values and seed weights was analysed using Spearman's rank correlation. Seed weight medians of SBT groups were compared using Kruskal-Wallis and Dunn tests. Medians of two groups were compared using Mann-Whitney U-test. Seed weights of different morphological life form groups were compared by Kruskal-Wallis and Dunn tests.
RESULTS
Our own measurements about thousand-seed weights of 1,405 taxa are listed in the Appendix. Out of these, there were 390 taxa of which the weight data were not recorded in the Kew's Seed information database (accessed 15/12/2012), and for 409 taxa in LEDA and BiolFlor (accessed 17/12/2012). According to our knowledge, for 187 taxa (appearing in boldface in the Appendix) we give seed weight data for the first time, since until the present there were no seed weight data reported for these species in other databases (Kew Botanical Garden, LEDA and BiolFlor databases, Csontos et al. 2003 , 2007 , Scher mann 1967 , Müller-Schneider 1986 , Radics 1998 . These species are mostly endemics, dust-seeded species (especially orchids) and/or species with Pontic, Caspian or continental distribution with a few or no localities in western Europe.
By comparing seed weight scores of SBT groups, we got significant differences (Kruskal-Wallis test, p < 0.001, H = 158.385, df = 7). The smallest median seed weight scores were found for natural pioneers (NP), whereas the highest ones were found for adventives (A) and introduced cultivated plants (I) ( Table 1) .
Short-lived species had significantly higher seed weight scores than perennials (N short = 776, N pere = 1,448, p = 0.016). The highest proportion of shortlived species was detected in NP (78.0%) and W (83.3%) groups; while the TÖRÖK, P. et al.
proportion of perennial species was the highest in C (96.4%), G (85.9%) and S (90.9%) groups.
The lowest thousand-seed weight scores were found for perennial graminoids, while the highest median scores were detected for short-lived graminoids (Kruskal-Wallis test, p < 0.001, df = 3, H = 13.404; Table 2 ). Naturalness scores were negatively correlated with seed weights (Spearman rank correlation, r = -0.116; p < 0.001, N = 2.224).
DISCUSSION

Seed weights and social behaviour types
Former studies reporting about size and weight of seeds found that these attributes are strongly affected by many factors, like the life form (Westoby et al. 1996 , Moles et al. 2005a and the body size of a plant Rabinovitz 1989, Moles and Westoby 2006) , specific leaf area (Westoby et al. 1996 , Moles et al. 2005 , but also by the light-demand (Nakagoshi 1985 , Csontos 1998b , Milberg et al. 2000 , Fenner and Thompson 2005 , life span and the timing of germination (Silvertown 1981 ) and seed dispersal strategy (Hammond and Brown 1995, Westoby et al. 1996 , Moles et al. 2005a , b, Figuerola et al. 2010 . Complex response of a species both to environmental and biotic factors can be most adequately expressed using ecological strategy types. In the present study it was assumed that species assigned to different strategy types might have different seed weight scores. It was proven that species with different strategies, expressed by SBT types, significantly differ in terms of seed weights.
We found significantly different seed weight groups in seed weight based analysis of the SBT. The lowest seed weights were found for natural pioneer (NP) group, the highest for the adventives (A) and introduced cultivated plants (I). Generalists (G) and specialists formed a distinct group with low seed weights, while competitors (C), disturbance tolerant (DT) and weeds (W) were characterised by intermediate seed weights not differing significantly from most groups. These results supported the findings of Csontos et al. (2002) , where the highest mean number of seed dispersal types were found for species of disturbed habitats (DT, W and NP), and the lowest that of for species groups characteristic for undisturbed habitat (C, G, S).
The lowest seed weight scores were found for the NP group containing mostly short-lived forb species. We also found that short-lived herbaceous species in general have significantly higher seed weight scores than herbaceous perennials (mostly due to the weedy short-lived graminoids having relatively heavy seeds, Table 2 ). These results support the findings of Silvertown (1981) , where similar results were obtained from the analysis of 75 species (containing arable weeds and species of calcareous grasslands; only one shortlived graminoid species was included here). The lower seed weight scores for short-lived forb species can be explained by (i) their generally higher effort maximising the number of seeds produced (Harper 1977, Coomes and Grubb 2003) , (ii) by their high potential for spatial dispersal and gap colonisation (Gross 1984 ) and (iii) by the high probability of forming persistent soil seed banks (Bekker et al. 1998) . (iv) It was also found that short-lived forb species often utilising open vegetation patches have relatively high growth rates and frequently green cotyledons with photosynthetic activity, which enables them to establish seedlings from light seeds with low amount of reserves (Coomes and Grubb 2003) . All these strategies are crucial in maintaining a temporally and spatially dynamic meta-population structure typical for short-lived forb species.
We found no significant differences between short-lived and perennial forbs ( Table 2) . Supporting results were found also by Csontos et al. (2007) , where no significant differences were found between the seed weights of perennial and short-lived herbaceous dicotyledonous species. Interestingly, we found that short-lived graminoids possess heavier seeds than all other functional species groups in our analyses (i.e. perennial graminoids, perennial and annual forbs). The latter results are in line with the findings of Csontos and Kalapos (2012) , where annual C 3 grasses had heavier seeds than perennial ones. These findings point out, that for a proper interpretation of the detected differences more detailed and focused studies are necessary in the future.
Detected differences between SBT types, however, did not only result from the different proportion of life forms between the strategy groups. We found for example that the proportion of short-lived species was quite similar within NP (78.0%) and W (83.3%) SBT groups, but seed weights differed significantly between these two groups (Table 1 ). It was found that some shortlived segetal weeds are adapted to crops with increased seed weights, which phenomenon can be likely responsible for the detected difference (speirochory, Kornaš 1988 , heavy seeded short-lived weedy grasses like Bromus spp., Setaria spp., Echinochloa spp.).
The highest seed weights were found for adventive (A) and introduced cultivated plants (I). This can be explained by the fact that cultivated plants likely have higher seed weights than their wild relatives, because agricultural and horticultural selection favours large seeds and floral structures (Sadras 2007) . No significant differences were found between specialists (S) and generalists (G) within the stress tolerant group. These two groups proved to be very similar in a seed dispersal type analysis of the SBT categories, too . Both groups are represented by a high number of species (the two groups together contain 1,106 species) belonging to many genera. Thus, to analyse differences between these two strategy types more elaborated analyses are necessary, where congeneric species pairs with the same life form but different strategy type are compared (see for example the light preference analysis of Csontos 1998b).
SEED WEIGHTS SUPPORT SOCIAL BEHAVIOUR TYPES
Because of larger seed reserves, the seedling size of large seeded species is higher than that of small-seeded species, which means a competitive advantage of the first species group over the latter one (Coomes and Grubb 2003) . Based on this evidence, we assumed that competitors (C) have generally larger seeds than generalists (G) and specialists (S). However, this was not confirmed by our study. There was no significant difference found between the seed weight of the mentioned groups (Table 1) . High seed weight favours not only seedling competition by the development of larger seedlings but also enables the plant to survive unfavourable conditions caused by shading or by the low amount of essential nutrients, which often occur in habitats with closed vegetation (Jurado and Westoby 1992, Coomes and Grubb 2003) .
We found that naturalness scores were slightly negatively correlated with seed weights. Csontos et al. (2003) reported a weak positive correlation. In the mentioned study only monocotyledonous species of mostly high naturalness scores were considered, and analyses were done on a much smaller sample size than ours (38 species were analysed). We re-analysed our dataset without species with lower naturalness scores (only species with at least +1 were considered) and no significant correlation was found. These contrasting results suggest that this phenomenon should be analysed more carefully selecting data of species pairs with similar life forms or morphological groups (e.g. see above) within the same genus, but with different naturalness scores.
Seed weight database of the Pannonian flora -further steps
It has been suggested by Csontos (2002) , that a database based on directly measured plant-traits (e.g. seed weight) is necessary to facilitate traitbased studies and analyses in Hungary. In the present paper we provided thousand-seed weight records for 1,405 taxa of the Pannonian flora (Appendix), including 187 new species records compared to national and international databases. Our dataset contributes significantly to the knowledge of seed weight of orchids occurring in the Pannonian flora. The seed weight data of dust-seeded species are generally very scattered in public databases, and also in the literature. The difficulties of measuring dust-seeds are unequivocally confirmed by the data published by Arditti and Ghani (2000) . The authors of this comprehensive review on orchid seeds were able to extract seed weight data from different literature sources in case of 21 species (out of this only 4 species are present in Europe), which represent only around 0.1% of the total number of species described in the whole Orchidaceae family. Our dataset provided seed weights for 30 terrestrial orchid species from which no data were formerly provided in international databases.
Our database contains only very sporadic data of aquatic plants, rare arable weeds and sub-Mediterranean species with a distribution in the southwestern part of Hungary. Especially the latter species group is also underrepresented in international databases. Problematic taxa (Rosa spp., Sorbus spp., Hieracium spp.), some difficult-to-harvest species and species with low seed production are missing or represented only with low numbers of seeds (e.g. Lamiaceae, Boraginaceae species) in our database. Seed weight records for some of the cultivated adventives are, for the present, missing from both our and international databases. These identified gaps underline the necessity of further seed collection and measure.
* Thousand-seed weight records of the flora of Hungary measured during the project (1,405 vascular plant taxa; incl. species and subspecies). Notations: SW = thousand-seed weights (g), Date = day/month/year, SN = number of hundred-seed sorts measured; without respective sorts of hundred seeds, the number of seeds measured are reported in brackets. Location = for locations outside of Hungary, country codes are given in brackets. In case of some records from Romania, pooled seed sorts were measured, but only one location is inserted; the other locations are the following: 1 = Căianu, Frata, Viişoara, Suatu (RO); 2 = Valea Florilor, Turda, Cluj-Napoca, Viişoara (RO); 3 = Valea Florilor (RO); 4 = Voşlobeni (RO). M = measured morphological unit: * = with appendix, ** = in utriculus. First reported records missing also from SID (Kew), LEDA and BiolFlor databases are indicated by boldface. The location of the botanical garden or the place of cultivation and "(C)" is inserted when the seeds originated from a botanical garden or cultivation with unknown source of seed used for cultivation. With known origin of the seed used for cultivation, the location and "(Bg)" is inserted. 
